Since June 1959 we have, in collaboration with the medical teams of Professor Hamburger (H6pital Necker) and Professor Kuss (HBpital Foch), irradiated 11 patients in preparation for transplantation of a kidney. Two of these cases have already been fully discussed (Hamburger et al. 1959 , Kuss, Legrain, Mathe, Nedey et al. 1960 .
The aim of irradiating these patients is to diminish the immunological defences of the body and thus make it possible to attempt the transplantation of a kidney taken from another person. A grafted kidney constitutes a very large source of antigens, but it seemed reasonable to hope that if these were confronted by a reduced number of immunologically competent cells, an adaptation could result as the latter multiplied, leading to a state of equilibrium in which the tissues of the host and those of the graft showed a mutual tolerance.
Such hopes were encouraged when it was demonstrated experimentally that histocompatibility is not an all-or-none phenomenon and that acquired tolerances can exist (Ilbery et al. 1958 , Uphoff & Law 1959 . At the same time, observations in Paris on the victims of the Yugoslav accident (Jammet et al. 1959 , Mathe et al. 1959 ) and on irradiated leukemic patients (Mathe et al. 1959) had revealed the problems involved in the care of persons exposed to high doses of radiation. Finally, the decision to make the first attempt at kidney transplantation after preliminary irradiation was encouraged by the knowledge that a similar technique had just been tried by Merrill and his associates (1960) with results that were not discouraging.
Observation of patients deliberately irradiated in preparation for the transplantation of an organ can yield interesting information on the reaction of the human body to whole-body irradiation. In contrast to what happens in the case of accidents, the conditions of irradiation (dose, dose rate, volume) are known accurately and the dose is uniformly distributed throughout the body. Moreover, hmmatological study of the patients begins before irradiation and no attempt is made to accelerate the regeneration. One reservation must, however, be made from the outset:
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Papers the observations do not relate to normal subjects but to patients suffering from severe and longstanding renal insufficiency. It is impossible to assess the consequences of this fact, but it is probable that it has less effect on the haematological situation than would the presence of a blood disease such as leukaemia.
Techniques ofIrradiation
In order to avoid underdosage or overdosage, it is important that the whole of the body should be irradiated simultaneously and in as uniform a manner as possible. If the subject is irradiated alternately with his face and with his back towards the source of radiation, the depth of tissue between the centre of the body and the surface will vary from 5 to 15 cm, depending upon the part of the body exposed. In order to avoid exposure of the superficial tissues to an overdosage, or too large a difference between the doses received at the centre of the body, in thick and in thin regions, it is necessary to choose a radiation beam such that the combined dose delivered by the anterior and posterior beams will vary as little as possible between the superficial tissues and those in the centre of the body, whatever the thickness of the segment considered. This ideal is practically realized with highenergy X-rays or with gamma rays, from a cobalt source.
The technique of irradiation and the dosimetric considerations have been already discussed (Surmont, Dutreix & Lalanne 1960; Surmont, Tubiana & Lalanne 1960) and we shall do no more than recall the results. With the cobalt teletherapy unit used, the distance between the source and the patient is 4 metres. At this distance, the length of the field is 1-7 m, but the dose decreases rapidly towards the edges of the field owing to the penumbral effect, and the region in which the dose remains uniform within ± 4% is 1 -20 m. The whole of the patient's body must therefore be within this area, and the patient is irradiated lying down with the legs flexed. During exposure, the radiation dose to the skin is measured at the sites of entry and exit of the beam (the principal measurements are made on the head, the abdomen, the knees, and the feet). The position of the patient is adjusted so that the dose is as uniform as possible. This is achieved mainly by moving certain parts of the body, such as the head or the lower legs, nearer to or farther away from the source.
In practice, the doses to the interior of the body do not deviate from the mean value by more than 7% except in certain regions of small bulk, where the deviation may be as much as +10%. The dose rate in the tissues is about 1-5 rad/min. To avoid fatiguing the patients, however, pauses are necessary, doses of the order of 250 rads being spread over more than three hours, while an exposure of 400 rads takes about 7-8 hours. During 1959 and 1960, 11 patients were given whole-body irradiation for renal homotransplantation. The observations on the first 2 patients have previously been reported (Hamburger et al. 1959 (Hamburger et al. , 1960 Ktiss, Legrain, Mathe & Nedey 1960; Kuiss, Legrain, Mathe, Nedey et al. 1960) . Five of the patients died within a few days of the irradiation. We shall not discuss findings in these patients nor the cause of death (post-operative complications or early rejection). One patient died eighteen days after an irradiation which delivered 600 rads, a dose greater than the doses given to the other patients. We shall consider mainly the 5 patients who survived for a much longer period.
Case Histories
Case 1 S, male, aged 37, suffering from chronic renal disease. Blood examination showed an azotwmia, with a blood urea of 345 mg/100 ml and a red cell count of only 2,880,000.
Irradiation was carried out in two sessions; in the first, a dose of 250 rads was delivered to the centre of the body; in the second, six days later, the dose given was 200 rads. Renal transplantation from a nonidentical twin was performed on the day following the second irradiation. The fact that the twins were nonidentical is evidenced by the absence of physical resemblance and by certain differences in the blood groups. In the red cells, 3 of the 18 phenotypic characters studied showed differences. In the leucocytes, 9 antigens were studied; for 8 the results were identical for the two bloods while I was found to be present in the recipient only. Present condition: Twenty-two months after the operation the kidney is functioning normally and the patient is in good general health. His blood pressure has settled down to almost normal levels, all clinical signs of urtmia have disappeared and the retinal lesions have healed.
Although the twins were non-identical, their twin relationship may have been of some importance, owing to the possibility that mixing of blood took place between the fietuses. However, skin from the recipient grafted on to the donor was rejected after twenty-five days. Case 2 C, male, aged 41, had been operated on in 1956 for cancer of the left kidney; cancer of the right kidney appeared one year later. In view of frequent haematuria and a blood urea level that had already reached 194 mg/100 ml at the time of operation, his death seemed imminent.
In order not to expose the donor to unnecessary risk it was first ascertained that extirpation of the patient's remaining kidney was not contraindicated by the presence of macroscopic metastases and it was decided to wait until it was certain that there were no serious early complications of this operation before proceeding with the transplantation. Hlemodialysis was carried out on the fourth day to correct the disturbance caused by the anuria. The patient was then irradiated, the dose to the centre of the body being 400 rads; an additional 200 rads at a depth of 3 cm was delivered to the splenic region.
Transplantation of a kidney taken from the nontwin sister of the patient, was performed twenty-four hours later. A difference was found in only 1 of the 11 red blood groups tested, and all 10 white cell antigens were identical.
The patient died five months after operation from a hepatic metastasis. At this time, the kidney was functioning well. Case 32 M, female, aged 22, suffering from chronic renal disease. Transplantation of a kidney taken from the patient's sister was performed. Differences were found in 3 of the 15 phenotypic red cell characters tested. Of the 16 white cell antigens examined, 7 were present in the recipient but not in the donor.
Irradiation was carried out in two sessions: during the first the patient received a dose of 200 rads, and three days later she received a dose of 230 rads. Renal transplantation was performed twenty-four hours after the second session.
Three months after the operation, alterations in renal function prompted us to submit the patient to a second irradiation with a dose of 100 rads delivered to the centre of the body. Fifty days later, the patient died at the end of a four-week period of complete medullary aplasia.
Case 41 G, female, aged 26, suffering from chronic renal disease. The kidney transplanted was taken from a man unrelated to the patient.
All the 11 red blood groups tested were identical in recipient and donor; of the 11 white blood groups examined 1 was present in the donor but not in the recipient.
Two months after the operati,n, changes in renal function necessitated a second wlhole-body irradiation, a dose of 100 rads being given. The patient is living eleven months after the transplantation and nine months after the second irradiation. Case 52 Y, male, aged 21, suffering from chronic renal disease. The kidney transplanted was taken from his mother. No difference was found between the 15 red blood groups examined; of the 49 white cell antigens examined, 5 were present in the recipient but not in the donor. Five months after irradiation, the patient was still well.
Clinical Results ofIrradiation Immediate reactions: The immediate effects of irradiation are relatively mild. During the actual exposure, when the dose reaches 150-200 rads the patient experiences a sensation of asthenia, with a tendency to nausea, and exhibits tachycardia, pallor, and anxiety. As reappeared from 6th to 33rd day after 2nd irradiation Generalized pur-Palpable from 5th Loss on 17th day pura on 15th day during few days creasingly fatigued, every change in position causes distress and increases the severity of the symptoms. Tolerance to irradiation can be improved by premedication and administration of sedatives during exposure. Paradoxically, the last phase of irradiation is generally better tolerated than the intermediate phase, and, as a rule, the patient is free from reactions during the few hours immediately after exposure.
The part played by psychological factors, such as anxiety, in the production of the reactions is difficult to assess, but the time sequence suggests that it is less important than had been thought.
As can be seen from Table 1 no symptoms could be detected in Case 1 during the first few days after irradiation and the symptoms in the other patients were very slight. During this phase, the general condition of the patients was satisfactory. It should be noted, however, that the major operation performed twenty-four hours after irradiation hinders the study of post-irradiation effects and may mask certain symptoms. Secondary digestive disorders: These are also of moderate intensity (Table 1 ) being confined to diarrhoea or slight looseness of the bowels from twenty-five to thirty days after irradiation, and a tendency to nausea during the third week, Digestive disturbances never presented an) -eal problem in these patients, and feeding by mouth was possible in all except Case 2. In this patient, the reactions were particularly severe, and he had to be fed by intravenous infusion during the period of agranulocytosis.
Hatmorrhagic reactions: No important hiemorrhage was observed in any of the patients. Purpura of the trunk and neck was noted in Case 1 towards the fifteenth day after irradiation, and petechiie on the inside surface of the thigh on the twenty-first day in Case 2. Purpura was also apparent in Case 3 on the fifteenth day after the second irradiation (i.e. the eighteenth day after the first irradiation). In Case 4, a few petechim seen on the thigh on the third day were probably related to local irritation. In Case 5, generalized purpura was noted on the fifteenth day after the second irradiation. Hair: Loss of hair started in Case 2 on the sixteenth day and was complete on the twentieth day. In Case 5, the loss of hair was complete on the seventeenth day.
In the 2 female patients, Cases 3 and 4, loss of head hair started on the twelfth day. The hair in the armpits and the pubic hair was little affected by irradiation, and they exhibited only slight loss of hair in these regions. In the male patients the beard was unaffected. Spleen: At no time was the spleen palpable in Cases 1 and 2. On the other hand, in Case 3 the spleen became palpable five days afterirradiation; jaundice set in a few days later. The spleen remained enlarged until the jaundice had disappeared. In the other female patient, Case 4, the spleen became palpable from the eighteenth day onwards, reached its maximum size on the twenty-second day, and was no longer palpable by the thirty-second day; it again became palpable six days after the second irradiation and remained palpable for twenty-seven days.
In Case 5 the spleen was palpable after the fifth day for a few days.
While the significance of the enlarged spleen in Case 3 is open to discussion, since she also had an infectious hepatitis, in Cases 4 and 5, there seems to be no doubt that there was a correlation be-tween the enlargement of the spleen and the irradiation.
None of the patients exhibited either convulsions or neurological disturbances.
Haematological Findings
Erythrocytes: The changes in the red cell count are difficult to interpret owing to the surgical interventions and the fact that the patients were given blood transfusions. However, one of the patients, Case 3, received only a single blood transfusion during the weeks immediately following the operation. In eighteen days, her red cell count fell by more than half from 3,500,000 immediately after the operation to 1,500,000. Total aplasia of the bone marrow would not be sufficient to explain such a fall because, even had this been the case, if the life of the erythrocytes had been of normal duration, the fall should have been slower. It is therefore necessary to assume an abnormally rapid destruction of the erythrocytes. It may be recalled that, in animals, the red blood count reaches a minimum two weeks after irradiation and that destruction of the red cells takes place; this is probably related to the hmmorrhages and especially to the passage of the red cells into the extravascular spaces where they are destroyed. (Waggener & Hunt 1958) . It is possible that analogous phenomena take place in man. Reticulocytes: The number of reticulocytes fell immediately after irradiation, and from the fifteenth day was less than 5 %. The count began to rise again at the same time as the white blood count increased. At this stage, therefore, an increase in the number of reticulocytes is of no additional prognostic value to the changes in the red cell count. Leucocytes: (a) Lymphocytes: In accordance with the classical picture, the number of lymphocytes fell rapidly three to five days after irradiation. The minimum was about 4 % of the initial valuea figure similar to that observed in the rat after a dose of 400 r. In 4 of the 5 patients, there was a slight rise in the lymphocyte count beginning on the eighth day and subsequently a renewed fall. The number of lymphocytes then remained at a very low figure, until about the twenty-second to twenty-fifth day. In Cases 3 and 4 the lymphocyte count began to recover earlier and rose slowly until the twenty-fourth day (after the second irradiation) when a transitory fall appeared. The presence of infectious hepatitis may perhaps explain this unusual course.
As in the classical picture, the secondary appearance of abnormal lymphocytes was observed in these patients. Comparison of the lymphocyte levels in blood shows that they are very similar during the first three days in patients receiving 250 or 400 rads. The fall was only slightly more marked at twenty-four hours in the patient who received 600 rads.
(b) Granulocytes: The number of granulocytes began to fall almost immediately after irradiation;
the fall was precipitate at first, but became slower after the fifth day. The granulocyte count then remained constant or even showed a slight tendency to rise. From the fifteenth day the number of granulocytes began to fall again, reaching a very low minimum from the eighteenth day in certain patients and from the eighteenth or twentieth day in others.1 During this phase of almost total agranulocytosis, the white cell count was below 500, sometimes below 200. The phase lasted about seven days, the leucocytes beginning to increase again between the 22nd day (Case 1) and the 26th day (Case 2) after irradiation. Platelets: The platelet count showed a regular fall after irradiation, beginning rather slowly. The number of platelets reached a minimum between the fifteenth and twentieth days in Case 1, between the twenty-second and twenty-eighth days in Case 2, between the seventeenth and twenty-third days in Case 3, and between the nineteenth and twenty-third days in Case 4. In each case, the minimum count was between 10,000 and 40,000 platelets per c.mm. In Case 5, the minimum count was reached a little earlier but the increase also began earlier. Two of the patients (Cases 2 and 4) received transfusions of platelets, whereas the others did not. However, all patients showed comparable changes in the platelet count, in spite of this difference, and it is not possible to claim that the transfusions modified the number of circulating platelets. Comparable findings have been reported by Mathe et al. (1959) in leukmmic patients given radiation treatment. Since none of these patients showed any definite haemorrhagic tendency or hemorrhagic accidents, it is impossible to estimate the clinical value of the platelet transfusions, but in vitro they were found to have modified the plasma coagulation tests, in so far as the marked decrease in prothrombin consumption and prolongation of the bleeding time that accompanied the thrombopenia were corrected. Mitotic index: The mitotic index was counted in the bone marrow of Case 5. Before irradiation it was already at a low level, a fact which may be due to the chronic renal disease.
After irradiation, the mitotic index did not change much during the first few days; at this time the cellularity of the bone marrow was nearly normal. During the secondary rise of granulocytes, ten days after the second irradiation, the mitotic index was higher; at this time, the cellu-'In the two cases in which irradiation was performed in two sessions, the days are counted from the date of the second irradiation. larity of the bone marrow was already poor. The most interesting fact is that one day before the beginning of the rise of the granulocyte count no mitosis was found among the 1,100 cells counted. Later, during regeneration a high mitotic index was found.' Comparison of the ha?matological findings in accident victims and in our patients shows important differences. In 2 cases, the comparison is facilitated by the fact that the victims received about the same doses as our patients: Patient A of the Y-12 accident at Oak Ridge (Brucer 1958 ) was exposed to an estimated dose of 365 rads, and patient G of the accident at Vinca (Jammet et al. 1959 ) to a dose of approximately 400 rads, one-third being given by neutrons. The fall in the lymphocyte count began earlier and lasted longer in our irradiated patients: whereas the number of lymphocytes began to increase appreciably from the fifteenth day in the accident victims, there was no increase until later in the irradiated patients. Moreover, the lymphocyte counts in the accident victims never fell as low as those observed in our patients after irradiation.
The fall in the granulocyte count also began earlier, lasted longer and was much more severe in the patients who were deliberately irradiated. Conversely, the regeneration of the lymphocytes and recovery of the white cell count were more rapid in our patients than in the accident victims. This observation confirms that the more profound the fall in the granulocyte count the more rapidly does recovery take place and the higher is the figure reached on recovery.
Several facts may be taken into consideration to explain these differences. In the case of accident victims, the irradiation is never uniform; if a victim is estimated to have received a dose of 365 rads, for example, the variations in dose from one part of the body to another may reach 30 %. Moreover, in contrast to irradiated patients, accident victims are exposed to a mixture of protons and neutrons. Finally, it is necessary to emphasize that accidental irradiation is of very brief durationfrom a few microseconds to several secondswhereas the deliberate irradiation of patients extends over several hours. Hematological evolution after 600 rads: The hlematological findings during the first two weeks after irradiation in the patient who received 600 rads were very similar to those of the patients who received 400 rads. The number of platelets fell to a lower level during the last days before death, but it must be pointed out that in this "We wish to thank Dr H Jammet, Madame Alibert and Dr Parmentier, who allowed us to use data on the mitotic index which was counted in their laboratory patient a post-operative thrombosis contraindicated platelet and fresh blood transfusions.
Fever was very high in this patient but no pathogenic organism was discovered and during the autopsy no infection was found. No obvious cause of death was found. A fistula of the intestine was found on the eleventh day but no peritonitis was noted during the autopsy. There was purpura on the peritoneum and the pleura but no hemorrhagic collection. Fever: Two bouts of fever were observed in each of the patients. The first began on the day after the first irradiation, immediately after the operation; the second coincided with the phase of agranulocytosis.
The severity of the operation is not a sufficient explanation for the first fever peak, since other operations of comparable severity provoke only a slight febrile reaction. It must be emphasized that similar bouts of fever have not been observed in subjects accidentally exposed to irradiation nor in those of our patients who were submitted to a second irradiation several months after a transplantation of the kidney, without a subsequent operation.
The febrile peak coinciding with the phase of agranulocytosis, on the other hand, is observed in all irradiated subjects. The classical explanation is that it is due to infection, but in no instance could any pathogenic organisms be detected during this phase and no typical focus of infection was found. It should also be noted that antibiotics had no influence on the temperature.
Moreover, it is striking that in all the patients, a fall in the number of white blood cells was accompanied by a rise in temperature and, conversely, the temperature fell whenever the number of white blood cells increased. Unless the increase in the number of white blood cells leads to an instantaneous disappearance of the infection, it is necessary to reconsider the problem of the pathogenesis of the febrile reaction, as this does not appear to be solely related to the presence of an infectious process.
Infection and its Prevention
One of the facts that emerges from this study is that it is possible to diminish the risks of infection in irradiated patients. In fact, at no stage were the infections in our patients alarming and they never dominated the clinical picture. This is probably explained in part by the very rigorous aseptic precautions that were observed, the concentration of micro-organisms in the air of the room being reduced to less than 1 % of that in the external atmosphere (Maisonnet 1960) . The patient is kept in isolation for several weeks after irradiation in a room containing filtered air, delivered under pressure from an air-conditioning system and 35; sterilized by exposure to ultraviolet rays. The patient's room communicates with a second room treated in a similar manner, where the nurses in charge of the patient are in constant attendance. This room communicates in turn with a semiaseptic storage room in which the attendant physicians and nurses undress completely, disinfect their hands with alcohol, and put on sterile clothes and gloves before entering the sterile portion of the suite. Throughout the period of treatment, the medical and nursing staff are submitted to periodic swabbing of the nasopharynx and skin to ensure that they are not carriers of pathogenic organisms.
The flora of the air in the sterile rooms is controlled and the patient himself must submit to daily disinfection of the skin. The study of the microbial flora of the patient must start before irradiation. The organisms are identified, their pathogenicity studied and their sensitivity to antibiotics determined. In this way it is possible, even before irradiation, to carry out antibiotic treatment designed to eliminate pathogenic organisms from the patient's body.
On the other hand, the routine administration of antibiotics without knowledge of the infecting organisms does not appear to be satisfactory (Maisonnet 1960) and carries risks that are by no means negligible. It may lead to partial or total destruction of the normal saprophytic flora of the body and seriously disturb the microbial balance; this may facilitate the multiplication of certain borderline organisms, a result that may not be desirable in a person deprived of the natural defence mechanisms. There is also a risk of the multiplication of strains resistant to the antibiotics used. Furthermore, the disturbance in the microbial balance facilitates the development of mycotic infections, particularly those due to Candida albicans.
Finally, there is a risk that an incipient infection may be masked and that, under these conditions, it may become difficult to establish the clinical and bacteriological diagnosis necessary to carry out specific antibiotic therapy.
It is for these reasons that routine antibiotic therapy has been gradually abandoned in favour of the principle of withholding the administration of massive doses of antibiotics until after identification of the infecting organisms and determination of their antibiotic sensitivity.
The value of aseptic precautions is difficult to assess as we have not treated comparable patients without them, but it may be said in favour that we have never lost a patient from infection and it is possible that the absence of heemorrhage is due to the precautions taken since experimental work has shown that bleeding occurs more often in infected animals. Virus infection: One patient, Case 3, developed an infectious hepatitis twenty-two days after irradiation. There was a recurrence of the jaundice a few months later when the patient was irradiated. Jaundice has previously been reported in patients given bone marrow grafts (Mathe et al. 1959) , and in the patient described by Merrill et al. (1960) . Moreover, 2 patients presented a herpetic lesion of the corner of the mouth. Perhaps there may be some connexion between this observation and the frequency with which irradiated subjects exhibit herpetic infectionsa finding reported by Ellis & Stoll (1949) .
General Condition and Clinical Course
As in all heavily irradiated subjects, the clinical course in our patients showed four distinct phases: (1) A phase marked by mild digestive disorders and lasting for several hours after the completion of irradiation. (2) A latent period of variable duration. (3) A phase characterized by a profound change in the general condition and a rise in temperature; it coincides with the period of agranulocytosis and lasts about eight days. In Case 2, in whom the post-operative period was marked by several incidents (Kuss, Legrain, Mathe, Nedey et al. 1960) , there was a particularly severe deterioration during this phase. For this patient, owing to a new surgical procedure performed five days after the transplantation, the scar formation was not complete when agranulocytosis developed. During this phase the edges of the wound parted and the healing made no progress until the end of aplasia. The cessation of fever, the end of the period of bone marrow aplasia and the resumption of the scar formation were simultaneous. (4) At the end of phase 3, the patients entered a period of convalescence, during which they were euphoric and felt as though they had been resurrected. The body-weight increased very rapidly by several kilograms per week. Nevertheless, the patients remained tired and readily fatigued for several weeks.
Laboratory Studies
These are rendered difficult by the multiplicity of factors capable of bringing about biological changes and by the desire to avoid taking unduly large samples of blood.
Nitrogen metabolism: Indirect evidence regarding the changes in nitrogen metabolism can be obtained by examination of the curves showing the blood urea levels and the excretion of urea in the urine.
All patients at the end of agranulocytosis showed evidence of an increase in the quantity of nitrogen utilized for synthesis within the body. a-amino nitrogen excretion in urine has been followed in Case 5. It is markedly increased. This increase does not seem to be correlated only with the increase of the diuresis which occurs after the kidney homotransplantation. Furthermore there is also an increase in the number of amino acids found in urine. These two facts are similar to those already observed in the victims of the Yugoslav accident (Jammet et al. 1959) .
Creatinuria is much increased and remains high until the third week after irradiation. This is in contrast to the results obtained at Oak Ridge (Brucer 1958 ) on the victims of the Y-12 accident, but corresponds well with animal findings and observations made on patients irradiated with higher doses.
Taurine urinary excretion was found to be elevated, the increase being greater than in the victims of the Y-12 accident. Four plasmatic enzymes (DNase, aldolase, SGOT, SGPT), also followed in Case 5, were lowered, especially during the third clinical phase.
Second Irradiation
Three and a half months after the first irradiation in Case 3, and two months after transplantation in Case 4, the changes in renal function prompted a second irradiation. In both cases, the technique used was similar to that described for the first irradiation, but the dose was only 100 rads to the centre of the body, delivered at a rate of 1-5 rad/minute. The effects of this second irradiation on the blood picture were of an intensity out of all proportion to the dose. In both patients it produced a severe and long-lasting bone marrow aplasia which began slightly later than in the case of the first irradiation. The white cell count remained below 500 per c.mm for more than nine days in Case 4 and at the same time the number of platelets fell to less than 30,000 per c.mm and the patient became anmmic. The evolution was even more dramatic for Case 3 who died fifty days after the second irradiation; this was the day after the end of the period of aplasia which had lasted for thirty-four days. Owing to the poor renal function, it had been necessary to remove this patient from the aseptic suite for detoxication with the artificial kidney. In spite of massive doses of antibiotics, septicemia due to Esch. coli developed. This responded to further antibiotic treatment during the phase of agranulocytosis, but the patient died a few days later. The immediate cause of death was apparently a generalized infection with Candida albicans. The violence of these reactions shows that the hemopoietic tissues had not yet returned to normal and were still suffering from the effects of the first irradiation. It should be noted in this connexion that a severe leucopenia (W.B.C. less than 600 per c.mm) also developed in Case 2 following treatment with small doses of nitrogen mustard four months after irradiation.
These are surprising findings that could not have been predicted from animal experiments, since it appears that in animals the effects of irradiation disappear almost entirely after a few weeks (Kohn & Kallman 1957 , Rugh & Wolff 1957 , Storer 1959 , Baum & Alpen 1959 , Tubiana & Frindel 1959 , Baum 1960 . Very few data are available on man. However, Miller et al. (1958) suggested that the effect of a second total body irradiation might be greater than the effect of the first one.
Was the reaction of our patients to the second irradiation due to the fact that the hxemopoietic stem cells still carried lesions produced by the first irradiation which increased their sensitivity to radiation? Such an explanation is not very likely, since it is difficult to see what the nature of these lesions could be. Alternatively, one might assume that in these patients hemopoiesis is maintained by a greatly reduced number of stem cells dividing very rapidly; the increase in the hamatological effect might then be a consequence of the small number of stem cells.
For the second irradiation (100 rads) to reduce the number of stem cells to a figure comparable to the level after the first, it would be necessary for the number present at the time of the second irradiation to be only 10-15% of the number possessed before the first irradiation. Such a hypothesis does not appear improbable, since it is known that in extreme circumstancesfor example, after severe hemorrhagebone marrow production may increase up to eight times; but still it would not explain why regeneration is so slow.
The severity of these reactions caused by the second irradiation provides one more illustration of how cautious one has to be in extrapolating to man the findings in experimental animals.
Conclusions
Uniform whole-body exposure to doses of 400-450 rads appears to be well tolerated by man, provided that certain precautions are observed. With such doses, haemorrhages are of a relatively minor nature and easy to control. The risk of infection is much more serious; it would appear that this danger can be averted by observing strict aseptic precautions and that it is possible for a patient to live for a month or more in an atmosphere much more sterile than that of an operating theatre. Under these conditions and by the use of antibiotics, not as a routine measure, but for specific therapy, it appears possible to reduce the risks of infection.
It is obviously difficult to make comparisons between human beings living under such conditions and laboratory animals since whole teams of doctors and bacteriologists would be required in order to keep a control on a few animals. The extrapolation to man of animal findings in regard to the determination of the LD5,0 -a risky procedure in any casethus becomes still more open to criticism. A second irradiation performed several months after the first produces effects of surprising intensity. Whatever the reason for this may be, it gives emphasis to the above warning.
